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Description 

Field of the Invention 

This invention relates to a fiber article having an antibacterial property containing therein zeolitic solid 
particles having an antibacterial activity. More particularly, the invention relates to a fiber article having an 
antibacterial property, which retains zeolitic particles having a bactericidal activity in fibers having fused 
intersection points and capable of contacting with external fluids through the cavities in the fibers. 

Background of the Invention .... 

It is known for a long time that a silver ion, a copper ion and a zinc ion have an antibacterial property. 
For example, a silver ion is widely utilized as a disinfectant or a germicide in the form of a solution of silver 
nitrate. However, the use of silver nitrate as a form of solution is inconvenient for handling as well as there 
is a fault that such a form is used for only restricted purpose. 

Furthermore, it is attempted to adsorb a silver ion on an adsorbent such as activated carbon, alumina, 
silica gel, etc., and pack the adsorbent in a vessel or fix the adsorbent with a resin for bactericidal use. 
However, such a utilization has faults that the application of the bactericidal material is restricted and also 
the exchange operation of the bactericidal material is troublesome. In particular, the foregoing method of 
fixing the silver-adsorbed material with a resin encounters a difficulty that the property of the adsorbent is 
sacrificed and hence it is difficult to utilize such a method in various fields. 

On the other hand, Japanese Patent Publication (Unexamined) No. 38,358/1980 discloses a bactericidal 
material mainly composed of a high molecular material having a functional group in the form of a complex 
with a silver ion, a copper ion or a zinc ion. However, the bactericidal material is a film-shaped material and 
hence such a material is used only for restricted purposes. 

Summary of the Invention 

Therefore, as the result of various investigations for overcoming the foregoing difficulties, the 
inventors have discovered that a fiber article having an antibacterial property, which has various merits in 
the points of antibacterial activity, durability of effect, etc., and can be effectively and widely utilized, is 
obtained by fixing an antibacterial metal ion onto a zeolite material having a specific property for 
stabilization and surely incorporating the metal ion-fixed zeolite material in a fiber article which can be 
easily fabricated into a desired form, and based on the discovery, the present invention has been attained. 

that is, according to the present invention, there is provided a particle-packed fiber article having an 
antibacterial property comprising zeolitic particles retaining therein at least one metal ion having a 
bactericidal property and having a specific surface area of at least 150 m 2 /g and a S\OJA\ 2 0 2 moi ratio of at 
most 14 and a mixed fiber assembly composed of a natural fiber staple or synthetic fiber staple and a fiber 
staple containing low-melting thermoplastic synthetic fibers having a melting point at least 30°C lower than 
the melting point or the decomposition point of the aforesaid natural fiber staple or synthetic fiber staple, at 
least a part of the intersection points of the staple of said mixed fiber assembly being stuck to each other by 
the fusion of the low-melting thermoplastic synthetic fibers, whereby said zeolitic particles are 
incorporated and retained in the fiber assembly in the state of allowing the contact of the foregoing zeolitic 
particles with an external fluid. 

Brief Description of the Drawings. 

Fig. 1 is an electromicroscopic photograph of an unconverted A-type zeolite powder. 

Fig. 2 is an electromicroscopic photograph of a converted copper-A-type zeolite according to this 
invention (Example 2), and . 

Fig. 3 is an electromicroscopic photograph of a copper-A-type zeolite converted by an undesired 

embodiment (Comparison example 2). 

Description of the Preferred Embodiment 

The zeolitic solid particles having a bactericidal activity in this invention are natural or synthetic zeolite 
particles retaining one or more metal ions having a bactericidal activity at the ion-exchangeable sites 
thereof. Preferred examples of metal ions having a bactericidal activity are ions of Ag, Cu, Zn. Therefore, 
these metals can be used solely or as a mixture of them for the foregoing purpose of this invention. 

Zeolite is generally aluminosilicate having a three-dimensionally grown skeleton structure and is 
generally shown by xM^O-AlgCVySiOsfzHjO with Al 2 0 3 as a standard, wherein M represents an ion- 
exchangeable metal ion, which is usually the ion of a monovalent or divalent metal; n corresponds to the 
valence of the metal; x is a coefficient of the metal oxide; y is a coefficient of silica; and z is a number of 
water of crystallization. Various kinds of zeolites having different component ratios, fine pore diameters, 
and specific surface areas are known. 

However, it is required that the specific surface area of the zeolitic solid particles used in this invention 
is at least 150 m 2 /g (anhydrous zeolite as standard) and the SiOa/AI 2 0 3 mol ratio as the zeolite constituting 
components is at most 14, preferably at most 11. ... 

Since a solution of a water-soluble salt of a metal having a bactericidal activity used in this invention, 
such as silver, copper, and zinc easily causes an ion exchange with zeolite defined in this invention, the 
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the concentration of a solution of a salt used is about 2 to 3 M. Usually, the Zn-zeolite to be used in this 
invention can be easily obtained by using a solution of a zinc salt having the foregoing concentration of 2 to 
3 M (as shown in Example 1). . 
When the ion-exchange reaction for the conversion into an Ag-zeolite, a Cu-zeolite or a Zn-zeolite is 

5 performed in a batch method, the zeolite may be immersed in the metal salt solution having the foregoing 
concentration. In order to increase the content of a metal in the zeolite, the batch treatment may be 
repeated. On the other hand, in the case of treating the foregoing zeolite in a column method using a metal 
salt solution having the aforesaid concentration, the desired metal-zeolite is easily obtained by packing the 
zeolite in an adsorption column and passing a solution of the metal salt through the column. 

10 The amount of the metal incorporated in the aforesaid metal-zeolite (the zeolite dried at 100°C as a 
standard) may be less than 10% by weight in the case of silver and is preferably 0.001 to 5% by weight. On 
the other hand, in the case of zinc or copper, the amount of zinc or copper incorporated in the the metal- 
zeolite may be less than 25% by weight and is preferably 0.01 to 15% by weight. 

The bonding strength between the zeolite defined in this invention and an antibacterial metal ion such 

is as a zinc ion, a silver ion, and a copper ion is very high different from the case of making retain the metal ion 
onto an adsorptive material such as activated carbon, alumina, etc., by simply a physical adsorption. 
Therefore, the strong bactericidal function of the fiber article containing such a metal-zeolite and a long 
durability of the bactericidal effect are the specific features of this invention. 

The zeolite defined in this invention has a merit that the reactivity thereof with a metal having a 

20 bactericidal activity, such as Ag, Cu, and Zn is high. For example, the ion-exchangeable metal ion (Na*) in 
an A-type zeolite, X-type zeolite, a Y-type zeolite, or chabazite easily causes an ion-exchange reaction with 
Ag", Cu 2 \ or Zn 2 * to retain the bactericidal metal ion in the zeolite with a high retaining power. Also, the 
zeolite defined in this invention has a merit that the selectivity for the adsorption of Ag", Cu 2 *, or Zn 2 * is 
high. Such a fact means that when a fiber article of this invention is used in a liquid or water containing 

25 various metal ions for the purpose of pasteurization, Ag*, Cu 2 *, or Zn 2 * is stably retained in the zeolite for a 
long period of time as well as the bactericidal activity of the fiber article can be maintained for a long period 
of time. . . 

in addition, the zeolite defined in this invention also has such merits that the ion-exchange capacity is 
large and Ag*, Cu 2 ", or Zn 2 * having a bactericidal activity can be largely retained in the zeolite. 

30 Furthermore, the zeolite defined in this invention has a merit that the amount of Ag", Cu 2 *, or Zn 2 * 
contained in the zeolite particles can be easily controlled in an ion exchange in accordance with the 
purpose of using the fiber article of this invention. The zeolite having a SiOa/AUOa moi ratio of at most 14 
and a specific surface area of at least 150 M 2 /g used in this invention has a large ion-exchange capacity, 
e.g., 5 meq/g for chabazite, 2.6 meq/g for mordenite, 3.8 meq/g for erionite, 2.6 meq/g for clinoptilolite, 7.0 

35 meq/g for A-type zeolite, 6.4 meq/g for X-type zeolite, and 5.0 meq/g for Y-type zeolite (the foregoing 
numerical values are rough values of the ion-exchange capacity per unit weight of the zeolite (as anhydrous 

zeolite)). . , 

Examples of the material for the low-melting thermoplastic synthetic fibers used in this invention are 
polyvinyl chloride, polyvinylidene chloride, polyethylene, polypropylene, an ethylene-propylene 

40 copolymer, an ethylenevinyl acetate copolymer, polystyrene, nylon 6, nylon 66, nylon 610, copolymerized 
polyamides, polyethylene terephthalate, polybutylene terephthalate, polyethylene isophthalate, polyhexa- 
methylene terephthalate, copolymerized polyesters. 

The fiber staple containing the low-melting thermoplatic synthetic fibers used in this invention may be 
composed of the low-melting thermoplastic synthetic fibers only. Also, the fiber staple may be a staple 

45 composed of a high-melting component having a relatively high melting point coated partially or wholly 
with the foregoing low-melting co/nponent or may be a staple of sheath-one type composite fibers 
composed of a high-melting component as the core material and the low-melting component formed 
thereon as a sheath or conjugate type composite fibers composed of both components. For example, there 
are composite fibers composed of polyethylene terephthalate as the high-melting component and 

so polyethylene, polypropylene, polystyrene, polyamide, or copolymerized polyester as the low-melting 
component and composite fibers composed of polypropylene as the high-melting component and 
polyethylene, an ethylene-propylene copolymer, or an ethylene-vinyl acetate copolymer as the low-melting 
component. 

Any other natural fiber staples and synthetic fiber staples may be also used in the mixed fiber assembly 
55 according to this invention. However, when synthetic fiber staple is selected, it is preferred to use synthetic 
fibers of the same system as the low-melting thermoplastic synthetic fibers. Also, in the case of using 
composite fibers, it is preferred that the high-melting component is also a polymer of the same system. In 
these cases, it is particularly preferred that the synthetic fiber staples and the low-melting thermoplastic 
synthetic fibers (and the high-melting component) are all composed of polyester series polymers. 
eo The fiber length of the foregoing fibers may be 30 to 100 mm, which is an ordinary staple length, and 
further the fineness or size of the fibers may be usually 1 to 20 deniers. 

The mixed fiber assembly in this invention means a web such as a parallel web, a cross web, a random 
web and the like, prepared by mixing the foregoing natural fiber staple or synthetic fiber staple and a fiber 
staple containing the low-melting thermoplatic synthetic fibes having a melting point at leat 30°C lower 
55 than the melting point or the decomposition point of the aforesaid staple at a proper ratio and fabricating 
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themixture by means of a proper weaving machine or a needle punching non-woven fabric of the said 
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decomposition point of the foregoing staple, the heating temperature of the mixed fiber assembly is 
between the melting point or the decomposition point of the natural fibers or synthetic fibers and the 
melting point of the low-melting thermoplastic synthetic fibers. Also, when the mixed fiber assembly is 
composed of a natural fiber or synthetic fiber staple and a thermoplastic composite fiber staple composed 

5 of a high-melting component wholly or partially coated with a low-melting component haying a melting 
point at least 30°C lower than the melting point or the decomposition point of the foregoing staple, the 
difference between the melting point of said low-melting component and the melting point of said high- 
melting component .being larger than 30°C, the heating temperature for the mixed fiber assembly is 
established in a range of from the lowertemperature between the melting point or the decomposition point 

10 of the natural fibers or synthetic fibers and the melting point of the high-melting component of the 
thermoplastic composite fibers to the melting point of the low-melting component of the thermoplastic 
composite fibers. Also, when the mixed fiber assembly is composed of foregoing three kinds of staples, the 
heating temperature for the mixed fiber assembly is established in a range of from the lower temperature 
between the melting point or the decomposition point of the natural fibers or synthetic fibers and the 

is melting point of the high-melting component of the thermoplastic composite fibers to the higher 
temperature between the melting point of the low-melting thermoplastic synthetic fibers and the melting 
point of the low-melting component of the thermoplastic composite fibers. 

As a heating method, dry heating such as indirect heating by hot blast, infrared heater, and direct 
heating by a heating plate, a heating roll, or wet heating by hot water, steam, high-pressure steam, may be 

20 employed. As a pressing means, a press system, a roll system and the like may be properly employed. 
The fiber article of this invention retaining therein zeolitic solid particles having a bactericidal effect has 
a merit of effectively utilizing the bactericidal effect of the metal-zeolitic solid particles in various utilization 
fields as compared to the foregoing known method such as a method of using a bactericidal metal or a 
method of utilizing a bactericidal metal by applying it onto an adsorbent by a simple physical adsorption 

25 and then packing the adsorbent in a vessel or fixing the adsorbent with a resin. In addition, the fiber article 
of this invention is excellent in a point that the article can be easily equipped to a desired place and a point 
of workability. 

In other words, the fiber article of this invention contains zeolitic solid particles without reducing the 
bactericidal effect of the metal-zeolitic solid particles and since the fiber article can be fabricated into a 

30 sheet, a tape as well as can be molded into blocks, hollow blocks, (e.g. hollow cylinders), of any desired 
forms, the fiber article can be utilized in various fields. Moreover, as described above, the fiber article of this 
invention can be very easily equipped to a desired place or can be very easily replaced and also since a 
bactericidal metal is retained on the active zeolite, the article of this invention is excellent in bactericidal 
function and the long durability. 

35 Practically, mats, beds, bedclothes, pillows and the like, having the fiber article of this invention as the 
outside cover layer and also filters, insoles of shoes, general sanitary goods, obtained by molding or 
laminating the article are suitable applications of the fiber article of this invention. 

Then, the invention will be further explained by the following examples but the invention is not limited 
to these examples so far as the invention is not over the scope of this invention. 

40 

Example 1 

To 250 g of each of the fine dry powder of 6 kinds of the natural and synthetic zeolites described in 
Table 1 was added 500 ml of an aqueous 1/10 M silver nitrate solution and the mixture thus obtained was 
stirred for 3 hours at room temperature to perform the ion exchange. After filtering the silver-zeolite 
45 obtained by such an ion-exchange method, the silver-zeolite was washed with water to remove excessive 
silver ion. Then, the silver-zeolite thus washed was dried at 100 to 105°C and then crushed to provide fine 
powder of the silver-zeolite. The silver content and the specific surface area of the silver-zeolite thus 
obtained are shown in Table 1. 
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(Hereinafter, in the converted silver-zeolites described above, the silver-A type zeolite is abbreviated as 
Z„ the silver-X type zeolite as Z 2 , the silver-Y type zeolite as Z 3 , the silver-natural mordenite (made by Shin 
Tohoku Kogaku Kogyo K. K.) as Z 4 , the silver-natural mordenite (made by Anadonda Minerals Company) as 
Z 5 , and the silver-natural chabazite as Z e ). 

s Each of the converted silver-zeolites Z t to Z 6 obtained by the foregoing method was packed in the fiber 
assembly and they were united in a body by the following manner to provide test pieces of the particle- 
packed fiber articles of this invention. m . i^„*u 
A polyethylene terephthalate staple (melting point 260°C) having a size of 6 deniers and a fiber length 
of 51 mm was mixed with a copolymerized polyester staple (melting point 110°C) of terephthalic acid and 

to isophthalic acid of a copolymerization ratio of 60:40 (by mol ratio) having a size of 6 deniers and a fiber 
length of 51 mm at a mixing ratio of 70:30/by weight and a web was formed from the mixture by means of a 
random weaving machine and laminated to provide a web having a weight of 200 g/m 2 . The web was pre- 
heated and pre-pressed by means of a pair of stainless steel rolls having a roll surface temperature of 110°C 
and a line pressure of 20 kg/cm to form a sheet Since the foregoing heating and pressing were performed 

is for a short period of time, the surface of the sheet was in a state of web having small fluffs. The foregoing 
silver-zeolite powder was spread over the sheet thus obtained by a vibration method, the same kind of 
sheet was placed on the aforesaid sheet and they were heated and pressed again for one minute by means 
of a bed press machine at a temperature of 130°C a pressure of 10 kg/cm 2 , whereby the sheets and the 
silver-zeolite powder were united in a body by melt sticking of low-melting polyester. 

20 The fiber density in the test piece was 0.2 g/cm 3 and the proportion of the silver-zeolite powders Z, to Z 6 
each was about 25% (as anhydrous zeolite) to the fibers. 

The evaluation of the bactericidal activity of the foregoing 6 kinds of the silver-zeolite powder-packed 
fiber articles and tests for the extinction rate of Eumycetes and for the durability of the bactericidal activity 
were performed by the following test methods. 



25 



(1) Test method for the evaluation of bactericidal activity: 

A bactericidal activity test by a disc method was performed. Each of the aforesaid 6 kinds of the silver- 
zeolite powder-packed fiber articles was cut into a disc of 8 mm in diameter to provide a test disc. A Mueller 
Hinton culture medium was used for bacteria and a Sabourand medium was used for Eumycetes. Test 
30 bacteria or fungi were floated on a physiological saline solution at 10 B /ml and then was dispersed in -the 
culture medium by means of a Conradi rod at 0.1 ml. Then, the test disc was placed on the medium. 

The bactericidal activity was evaluated by observing the presence of an inhibition zone formation after 
cultivating for 18 hours at 37°C in the case of bacteria and by observing the presence of an inhibition zone, 
formation after cultivating for one week at 30°C in the case of Eumycetes. 

35 

(2) Method of measurement for the extinction rate of Eumycetes: 

Each of the 6 kinds of the silver-zeolite powder-packed fiber articles of this invention was immersed in a 
suspension of the spores (10 4 spores/ml) of Aspergillus flavus for 24 hours at 30°C. Then, the suspension 
was sampled, diluted, and the diluted sample was dispersed in a Sabourand ager medium and then 
40 maintained for 24 hours at 30°C. Thereafter, the number of living spores was measured and the extinction 
rate was calculated. 

(3) Test method for the durability of bactericidal activity: 

Each of the 6 kinds of the test pieces of the fiber articles of this invention was immersed in still water or 
45 running water, whereby the relation between the bactericidal activity and the passage of time was 
obtained. The aforesaid test was performed by a disc method until the bactericidal activity was vanished. At 
these tests, Candida albicans was used as the test bacteria. At the still water test, water was exchanged 
every 15 hours. 

The evaluation results of the bactericidal activity are shown in Table 2, the measurement results for the 
50 extinction rate of Eumycetes are shown in Table 3, and the evaluation results for the durability of 
bactericidal activity are shown in Table 4. The sample marks of the silver-zeolite powder-packed fiber 
articles shown in Tables 2 to 4 are as follows: 

Fiber article packed with silver-A type zeolite powder (Z,). 
F 2 : Fiber article packed with silver-X type zeolite powder (Z 2 ). 
55 F 3 : Fiber article packed with silver-Y type zeolite powder (Z 3 ). 

F 4 : Fiber article packed with silver-natural mordenite powder (Z 4 ). 
F 5 : Fiber article packed with silver-natural mordenite powder (Z 5 ). 
F 6 : Fiber article packed with silver-natural chabazite powder (Z 6 ). 
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Kind of test fungus 


F i 


F 2 


F 3 




F 5 


F 6 




Escherichia coli 


+ 


+ 


+ 


+ 






10 


Pseudoraonas aeruginosa 


+ 


+ 


+ 


■ + 


+ 


+ • 




Staphylococcus aureus 


+ 


+ 






+ 


+ 


15 


Candida albicans 


+ 




+ 


+ 


+ 


+ 



Table 3 (Extinct ion rate of Eumycetes) 
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Kind of test fungus 


F i 


F 2 


F 3 




F 5 


F 6 




Aspergillus flavus 


100# 


100# 


100# 


100# 


99# 


99* 
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Table k (Evaluation of dura bility of bactericidal 

activity) : * 



Test state 


F i 


F 2 


F 3 


F 4 


F 5 


F 6 


Immersed in still 
water 


>i6 m.* 


>16 m. 


>16 m. 


>16 m. 


>16 m. 


>16 m. 


Immersed in runn- 
ing water 


>12 m. 


>i2 m. 


>12 m. 


>12 m. 


>12 m. 


>12 m. 



30 



35 



40 



(m): Month 



45 



50 
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The copper content and the specific surface area of each of the copper-zeolites converted by the 
foregoing method are shown in Table 5. In addition, the scanning electron microscopic photographs of the 
unconverted A-type zeolite and the converted copper-A type zeolite are shown in Fig. 1 and Fig. 2, 
respectively. 



5 




Table 5 




Mi 


Zeolite 


Copper content ^7©; 
of converted 
c oooer- zeoli t e 


OpcClI lv suiiouc 

area (m /g) of 
converted copper- 
zeolite 




A-type zeolite* 


1.08 




15 


Y-type zeolite* 


1.21 


903 




Natural mordenite* 


O.29 


179 


20 


Natural chabazite* 


0.10 


506 



25 



30 



35 



40 



(*) A-type zeolite: 0.94Na 2 O-AI 2 O 3 -1.9SiO 2 xH 2 O: fine powder finer than 100 mesh. 
Y-type zeolite: 1.14Na 2 O-AI 2 O 3 *4.90SiO 2 -xH 2 O: fine powder finer than 200 mesh. 
Natural mordenite: 2020A, trade name, made by Anaconda Minerals Company, fine powder finer 
than 100 mesh. 

Natural chabazite: 5050L, trade name, made by Anaconda Minerals Company, fine powder finer 
than 100'mesh. 

(In the converted copper-zeolites, the copper-A type zeolite is abbreviated as Z 7l the copper-Y type 
zeolite as Z 8 , the copper-natural mordenite as Z 9 and copper-natural chabazite as Z 10 .) 

Each of the copper-zeolites Z 7 to Z 10 obtained by the foregoing method was packed in the fiber 
assembly as in Example 1 by the same manner and the same packing ratio as in Example 1 and they were 
united in a body as in Example 1. The extinction rate to Eumycetes was tested on each of the copper-zeolite 
powder-packed fiber articles thus obtained and the results are shown in Table 6. The method of 
measurement for the extinction rate to Eumycetes was conducted by the same manner as in Example 1. 
The sample marks of the copper-zeolite powder-packed fiber particles shown in Table 6 are as follows. 

F 7 : Fiber article packed with copper-A type zeolite powder (Z 7 ). 

F 8 : Fiber article packed with copper-Y type zeolite powder (ZJ. 

F 9 : Fiber article packed with copper-natural mordenite powder (Zg). 

F 10 : Fiber article packed with copper-natural chabazite powder (Z 6 ). 



so 



Table 6 (Extinction rate to B umvcetes) 



Test fungus 


F 7 


F 8 


F 9 


P 10 


Aspergillus flavus 


UO$ 


60$ 


85$ 


82$ 



55 



As is clear from Table 6, the copper-zeolite powder-packed fiber articles of this invention showed a 
considerably excellent bactericidal effect to aspergilius flavus as shown by the values of the extinction rate. 

Comparison Example 2 

To 50 g of the A-type zeolite fine powder as used in Example 2 was added 200 ml of an aqueous 1 M 
copper sulfate solution and the resultant mixture was stirred for 5 hours at room temperature. The copper- 
A type zeolite thus obtained was filtered by suction, washed with water until the sulfate ion disappeared, 
dried at 100— 105°C, and then pulverized to provide fine powder of the copper-A type zeolite. The converted 
copper-A type zeolite thus obtained contained Cu 3 (S0 4 )(OH) 4 as deposition thereof. The scanning electron 
microscopic photograph of the converted product thus obtained is shown in Fig. 3. 

The converted copper-A type zeolite thus prepared was packed in a fiber assembly as in Example 1 and 
they were united in a body as in Example 1. 

The extinction rate to Eumycetes by the copper-A type zeolite-packed fiber article was 20%. 
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-water content 15 M fine 

Table 7 



30 



Zeolit« 



Zinc content (# ) 
of converted 
zinc-zeolite 




Specific surface 
area (■*/«) of 
converted zinc- 
zeolite 



40 



45 



(*): A-type zeolite: 1.05Na s OAI,O,-i 92<?in »u r> c 

Natural mordenite: 2020* , trade nfme m»f hf ? P ° Wd , er finer than 100 «"«*. 

than 100 mesh. ' M " ame ' made * Anac °nda Minerals Company, fine powder finer 

f( tSToo^^ 

r^atmbT^ by theforeooing methods was packed in a body 

The test results for the extinction ?££ £VumuISLT'J! nanner and packin 9 ratio ** those in Exam ol e l 
shown in Table 8. The ^^^TotZ^^^T^ "° wda '-P**ed flte aX are 
Also the sample marks of the zinc-zeoSte (S^KSr 2? *! Sa ™ manner 38 in B™5. 7 

F„ Fjber article packed with zfnc-A twESSKEK > " Tab ' e 8 are 88 fo,,ows - 

F *: KbZlTf ^ With 2i "=-natural mordenTpowder (Z ) 

F, 3 . Fiber art.de packed with zinc-natural 

Table 8 (Extinction rat e to Bumycetes) 
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Eumycetes 



Aspergillus flavus 



F 



11 



90# 



F 



12 



82% 



'13 



80# 
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b^^S^J^i^^l^ type 2eo,ite Powder-packed fiber article showed sufficient 
..Claims 
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staple or synthetic fiber staple and a fiber staple containing low-melting thermoplastic synthetic fibers 
having a melting point at least 30°C lower than the melting point or the decomposition point of the 
aforesaid natural fiber staple or synthetic fiber staple, at least a part of the intersection points of the staple 
of said mixed fiber assembly being stuck to each other by the fusion of the low-melting thermoplastic 
s synthetic fibers, whereby said zeolitic particles are incorporated and retained in the fiber assembly in the 
state of allowing the contact of the foregoing zeolitic particles with an external fluid. 

2. The particle-packed fiber article having an anti-bacterial property as claimed in claim 1 wherein the 
zeolitic particles are composed of A-type zeolite, X-type zeolite, mordenite, or a mixture thereof. 

3. The particle-packed fiber article having an antibacterial property as claimed in claim 1 or 2 wherein 
to the zeolitic solid particles retain at least one metal ion having a bactericidal activity selected from the group 

consisting of silver, copper, and zinc at the ion-exchangeable sites thereof. 

4. The particle-packed fiber article having an antibacterial property as claimed in one of claims 1 to 3 
wherein the amount of the zeolite solid particles packed in the mixed fiber assembly is in a range of 0.1 to 
60% by weight (as anhydrous zeolite) to the fiber. 
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Patentanspruche 



1. Partikel enthaltender Faserstoffkorper mit antibakteriellen Eigenschaften, umfassend Zeolith- 
teilchen, die darin mindestens ein Metallion mit bakteriziden Eigenschaften zuruckhalten und eine 

20 Spezifische Oberflache von mindestens 150 m 2 /g und ein Si0 2 /AI 2 0 3 -Molverhaltnis von hochstens 14 und 
eine gemischte Faseranordnung haben, zusammengesetzt aus einem natOrlichen Faserstapel oder 
synthetischen Faserstapel und einem Faserstapel, enthaltend niedrigschmelzende synthetische Thermo- 
plastenfasern mit einem Schmelzpunkt von mindestens 30°C niedriger als der Schmelzpunkt oder der 
Zersetzungspunkt der vorgenannten naturlichen Faserstapel oder synthetischen Faserstapel, wobei 

25 mindestens ein Teil der Intersektionspunkte des Stapels der gemischten Faseranordnung durch Fusion der 
niederigschmelzenden synthetischen Thermoplastenfasern aneinandergeheftet ist, wodurch die Zeolith- 
teilchen in die Faseranordnung inkorporiert und zuruckgehalten werden in einem derartigen Zustand, daS 
der Kontakt der vorgenannten Zeolithteilchen mit einer externen Flussigkeit ermoglisht wird. 

2. Partikel enthaltender Faserstoffkorper mit antibakteriellen Eigenschaften nach Anspruch 1, worin die 
30 zeolithteilchen zusammengesetzt sind aus A-Typ-Zeolith, X-Typ-Zeolith, Mordenit oder Mischungen 

davon. 

3. Partikel enthaltender Faserstoffkdrper mit antibakteriellen Eigenschaften nach Anspruch 1 oder 2, 
worin die zeolithischen festen Teilchen mindestens ein Metallion mit bakterizider AktlvitSt, ausgewahlt jaus 
der gruppe, bestehend aus Silber, Kupfer und Zink, an den ionenaustasuchbaren Stellen davon zuruck- 

35 halten. j A . . 

4. Partikel enthaltender Faserstoffkorper mit antibakteriellen Eigenschaften nach einem der Anspruche 
1 bis 3, worin die Menge der Zeolith-Festkorperteilchen, die in die gemischten Faseranordnung eingepackt 
sind, im Bereich zwischen 0,1 und 60 Gew.-% (als wasserfreier Zeolith) bezogen auf die Faser liegt. 



40 Revendications 

1, Un article fibreux garni de particules, ayant des proprietes antibacteriennes, comprenant des 
particules zeolitiques retenant au moins un ion metallique ayant des proprietes bactericides et ayant une 
surface spScifique d'au moins 150 m 2 /g et un rapport molaire S\QJk\ z O z d'au plus 14, et un ensemble fibreux 

45 mixte compose de mSches de fibres natu relies ou de mSches de fibres synthetiques et de mdches de fibres 
contenant des fibres synthetiques thermoplastiques a bas point de fusion ayant un point de fusion infdrieur 
d'au moins 30°C au point de fusion ou au point de decomposition des mfcches de fibres naturelles ou des 
meches de fibres synthetiques precitees, au moins une partie des points d'intersection des mdches dudit 
ensemble fibreux mixte <§tant coltes mutuellement par la fusion des fibres synthetiques thermoplastiques h 

so bas point de fusion, si bien que lesdites particules zeolitiques sont incorpor6es et retenues dans I'ensemble 
fibreux sous une forme qui permet le contact desdites particules zeolitiques avec un fluide externe. 

2. L'article fibreux garni de particules ayant des proprietes antibacteriennes comme revendique dans 
la revendication 1, dans lequel les particules zeolitiques sont composees de zeolite de type A, de zeolite de 
type X, de mord6nite ou d'un de leurs melanges. 

55 3. L'article fibreux garni de particules ayant des proprietes antibacteriennes comme revendique dans la 
revendication 1 ou 2, dans lequel les particules zeolitiques solides retiennent au moins un ion metallique 
ayant une activity bactericide choisi dans le groupe constitue par I'argent, le cuivre et le zinc sur leurs sites 
susceptibies d'echange ionique. 

4. L'article fibreux garni de particules ayant des proprietes antibacteriennes comme revendique dans 

60 I'une des revendications 1 d 3, dans lequel la quantite de particules solides de zeolite dont I'ensemble 
fibreux mixte est garni est dans la gamme de 0,1 k 60% en poids (en zeolite anhydre) relativement aux 
fibres. 
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FIG. 3 
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